INTRODUCTION
============

Distal radius fracture is the most common fracture in patients presenting to emergency units, and its incidence is approximately 640 thousand per year in the USA.[@B1] The incidence shows a bimodal distribution, affecting predominantly young males and elderly females.[@B2] Approximately 57% to 66% of distal radius fractures are extra-articular, followed by complete articular fractures that affect 25% to 35% of patients and partial articular fractures that affect 9% to 16% of patients.[@B3]

The most frequent mechanism of injuries reported are falls from the individual\'s height onto an outstretched hand or high-energy trauma.[@B3] Fernandez and Jupiter[@B2] described a classification for distal radius fractures according to the mechanism of injury, subdivided into five types of injury. The AO classification considers the direction of the fracture line and the number of fragments. It is a complex and detailed classification but does not correlate with treatment options. Robert Medoff has developed a classification for intra-articular fractures based on recognition of five main fragments: the radial styloid, dorsal wall, impacted articular fragments, dorsal-ulnar corner (die-punch fragment), and volar rim fragments.[@B2] These fragments may occur in isolation or in combination. For a better understanding of the fracture and surgical planning, the orthopedist must also identify the direction of deviation and the mechanism of injury. This classification is used to guide treatment in that it facilitates the choice of modular components for treating the specific fragments.[@B2]

Numerous options have been described for the treatment of distal radius fractures, including conservative treatment and external and internal fixations. The choice of treatment depends on the clinical profile of the patients, their demand, and the type of fracture.[@B3] Anatomic reduction, stable fixation, and early mobilization are the primary objectives of treatment of long-standing, complex intra-articular distal radius fractures[@B4] ^,^ [@B5]. The main method of internal fixation used is the locked volar plate. This method is able to satisfactorily fix articular distal radius fracture to a large degree, providing stability and facilitating early mobility. However, the surgical approach is usually not specific and complications such as irritation and tendon rupture, implant release, and secondary loss of reduction may occur.[@B6] ^--^ [@B9] In addition to the complications above, locked materials are costly and largely unavailable in orthopedic services in our country. The advent of computed tomography with 3D reconstruction has provided a better understanding of intra-articular distal radius fractures. This feature has allowed more efficient preoperative planning by the surgeons and more accurately define the best approach for each fracture.[@B10] According to Wolfe[@B11] there are four situations in which the isolated use of the volar plate will lead to failure: (1) complex multifragmentary disruption of the articular surface caused by shear or compressive forces; (2) fracture-dislocations (shear fractures) of the wrist; (3) carpal, radiocarpal or radioulnar instability; and (4) complex fractures with substantial metaphyseal-diaphyseal extension. In these cases, a more thorough and individualized approach is necessary to achieve better results.

Medoff and Kopylov endorsed the concept of fragment-specific fixation in distal radius fractures by individually stabilizing each fragment using a hybrid technique with plates and Kirschner (K)-wires.[@B12] The concept of fragment-specific fixation evolved with the perception that a single implant was not sufficient to properly fix all fracture configurations.[@B13] Mechanical tests demonstrated that rigid fixation of each fragment was necessary to achieve adequate stability to permit early mobilization.[@B14] ^,^ [@B15] Each fragment was fixed individually with low profile implants or clips, which lessened contact with adjacent tendons and thus avoided complications described in other models; it also allowed a personalized approach for each fracture, permitted the use of mini-incisions, avoided unnecessary exposures, reduced surgical aggression, and ensured stability of each fragment, ultimately allowing early mobilization.[@B5] ^,^ [@B16] ^--^ [@B20]

Therefore, the objective of the present study was to evaluate the rigidity of assemblies obtained using 1.0-mm and 1.2-mm K-wires, fixed with 3.5 mm screws and 3-hole 1/3 plates, following the principles of specific fragment characteristics. A viable assembly is proposed using low cost materials widely available in orthopedics and traumatology services.

MATERIAL AND METHODS
====================

As this was a purely biomechanical study, not involving living specimens, the study did not require ethics committee approval.

Specimens
---------

Anatomic synthetic bones such as right radius (model 3011) produced by the National Bone Industry were used as test samples. The radius bones were cut transversely 12 cm from the distal articular surface inserted in an acrylic block (colorless self-polymerizing acrylic - JET) suitable for the test machine. A demarcation was created to simulate the volar rim fragment, as described by Melone[@B2]. The fragment originating from the osteotomy had an area of approximately 1.5 cm^2^. Two holes were made 7 mm from each center, with an orientation perpendicular to the proposed fracture line. Samples were divided into 2 groups: in Group 1 (1.0-mm assembly) the radius bones were drilled with a 1.2 mm drill bit. In Group 2 (1.2-mm assembly) the radius bones were drilled with a 1.5 mm drill bit. After the perforation, osteotomies were performed according to previously established protocol.

All cuts, osteotomies, and perforations were performed at the Precision Laboratory of the USP - Ribeirão Preto Campus.

Implants
--------

The implants were prepared from pre-molding of 1.0-mm and 1.2-mm K-wires according to the conformations shown in [Figure 1](#f1){ref-type="fig"}. The fractures were fixed using molded K-wires inserted into pre-established holes and fixed proximally with plate and screws, the final configuration thus forming a three-point fixation ([Figures 2](#f2){ref-type="fig"} and [3](#f3){ref-type="fig"}).

![Molding of 1.0-mm and 1.2-mm Kirschner (K)-wires.](1809-4406-aob-26-06-0423-gf01){#f1}

![Examples of Kirschner (K)-wires inserted into pre-established holes.](1809-4406-aob-26-06-0423-gf02){#f2}

![Examples of final fixation with the 3-point configuration.](1809-4406-aob-26-06-0423-gf03){#f3}

Experimental Groups
-------------------

Destructive axial compression tests were performed for the two experimental groups comprising four specimens each. Group 1 consisted of assemblies using K-wires having a 1.0-mm diameter and Group 2 consisted assemblies using K-wires of 1.2 mm diameter.

Mechanical tests
----------------

The tests were carried out using a universal test machine (UTM), EMIC DL10000 (INSTRON EMIC, São José dos Pinhais, PR, 83020, Brazil) available at the Bioengineering Laboratory of the Ribeirão Preto Medical School (USP), connected to a computer equipped with software controlling the applied loads and storage and interpretation of the obtained data. Both the control condition and the measurements of the applied loads and the deformations produced were carried out using the TESC v. 1.10 program.

Destructive tests (maximum load) were performed on the UTM, with axial compression. Initially three pilot runs were carried out for standardization; the results of these runs were not included in the analysis. Eight destructive tests were performed, four for each group. The obtained values were analyzed and submitted to statistical analysis. The maximum force at which the material could be subjected without rupture and the rigidity of the assembly were analyzed.

RESULTS
=======

Statistical analysis was performed separately for the 4 samples from Group 1 (1.2-mm K-wires) and for the 4 samples from Group 2 (1.0-mm K-wires). Group 1 assembly presented a mean maximum force of 660.8 N (± 28.23) and mean rigidity of 210 N/mm (± 20.98). Group 2 (1-mm) assembly exhibited a mean maximum force of 512.1 N (± 59.03) and mean rigidity of 258.0 N/mm (± 44.58). Other descriptive variables such as minimum, median, maximum, mean, standard deviation and coefficient of variation of both maximum force and rigidity are reported in [Tables 1](#t1){ref-type="table"} and [2](#t2){ref-type="table"} and also in [Figures 4](#f4){ref-type="fig"} and [5](#f5){ref-type="fig"}.

###### Group 1.2-mm Assembly. Descriptive variables of the test samples.

                             Maximum force (N)   Rigidity (N.mm)
  -------------------------- ------------------- -----------------
  Number of samples          4                   4
  Minimum                    621.9               179.8
  Median                     660.8               218.8
  Maximum                    690.2               224.1
  Mean                       658.4               210.4
  Standard Deviation         28.23               20.98
  Coefficient of variation   4.29%               9.97%

###### Group 1-mm Assembly. Descriptive variables of the test samples.

                             Maximum force (N)   Rigidity (N.mm)
  -------------------------- ------------------- -----------------
  Number of samples          4                   4
  Minimum                    423.4               210.2
  Median                     512.1               258.0
  Maximum                    564.9               304.6
  Mean                       503.1               257.7
  Standard Deviation         59.03               44.58
  Coefficient of variation   11.73%              17.30%

![Graphical representation of the absolute values of the variables maximum force and rigidity of the 1.2-mm group.](1809-4406-aob-26-06-0423-gf04){#f4}

![Graphical representation of the absolute values of the variables maximum force and rigidity of the 1-mm group.](1809-4406-aob-26-06-0423-gf05){#f5}

Comparison of Group 1 and 2 (1.2-mm × 1-mm) assemblies Maximum Force
--------------------------------------------------------------------

To compare force and rigidity variables between the groups, the student t-test was used. A statistically significant difference was observed in the maximum force variable, between the 1.2-mm and 1-mm groups (p = 0.003) ([Figure 6](#f6){ref-type="fig"}).

![Mean and standard deviation of the comparison of the maximum force between the groups, after the application of the Student\'s *t*-test.](1809-4406-aob-26-06-0423-gf06){#f6}

Increasing the diameter of the K-wires used in the assembly resulted in a higher load carrying capacity. The 1.2-mm group was able to withstand loads 29% higher than the 1.0-mm group, on average. The values of the maximum force supported by the assemblies in our tests in both groups were higher than the physiological load to which the wrist is subjected by muscle tension, which is 50 N.[@B21] ^,^ [@B22] The assembly in which the 1.2-mm K-wires were used was able to withstand up to an average 12-fold higher load than that exposed to physiologically. The Group using the 1.0-mm K-wires supported on average about a 10-fold higher load than under physiological conditions.

Similar differences between the groups were not observed on evaluation of the rigidity variable, p = 0.103 ([Figure 7](#f7){ref-type="fig"}). Increasing the thickness of the K-wire did not result in a significant increase in the assembly\'s rigidity.

![Mean and standard deviation of the rigidity between the groups (by the Student\'s *t*-test).](1809-4406-aob-26-06-0423-gf07){#f7}

DISCUSSION
==========

The clinical usefulness and versatility of fragment-specific fixations lies in the ability to anatomically adjust the rigidity of the fractures that cannot be properly fixed using a single implant or with external fixation.[@B5] ^,^ [@B23] ^,^ [@B24]

Positive results have been obtained in several studies, with good and excellent results in 85% of treated C2 and C3 fractures (AO classification).[@B25] Benson et al.[@B26] showed that the technique of fragment-specific fixation guaranteed sufficient stability to allow use of the hand after the third postoperative day without increasing the risk of soft tissue injury or secondary loss of reduction. When compared to the volar plate, the fragment-specific fixation technique provided a significant increase in early mobility, early return to work and activities of daily living, significantly reducing the risk of early joint rigidity, but the results of these two techniques (volar plate and fragment-specific fixation) occurred tardively, and were similar in the above-mentioned conditions.[@B21]

The versatility of the association of the K-wires with the plates and screws is based on their modest profile and their widespread availability, which makes them good candidates for fragment-specific fixation. In our study, we developed an assembly to fix fragments of the intermediate column and tested its safety as a fixation method through destructive biomechanical tests.

Our results were encouraging, both with in terms of the comparison of compressive forces exerted on a normal resting wrist caused by muscle tension,[@B21] ^,^ [@B22] and in terms results from other mechanical studies.

Hara et al.[@B27] quantified the distribution of forces through the wrist in a mechanical test detailing the peak pressure in each region under a load of 10 kg. The value was higher in the scaphoid fossa, 2.4 MPa, followed by the lunate fossa with 1.5 MPa, and smaller in the triangular fibrocartilage, which supported 1.1 MPa. Considering the maximum force obtained in our tests and converting this to Pascal units, the maximum pressure supported by our assembly was 4.40 MPa in the 1.2-mm wire Group and 3.41 MPa in the 1.0-mm wire Group. These values indicate that our assemblies were capable of supporting loads up to 3-fold higher than those demonstrated in the study by Hara et al.[@B27]

Our fixation method was able to withstand a pressure 10-fold higher than that supported by the percutaneous fixation with K-wire described by Naidu.[@B15] We believe this was due to the configuration of our fixation assembly, composed of K-wires associated with plates and screws, which increased the rigidity of the assembly.

The present study demonstrated that the proposed assembly was mechanically adequate for fixation of articular fractures in the intermediate column of the radius and exerts sufficient resistance to counteract the physiological forces of the wrist at rest and even support small loads (up to 10 kg).

When compared to results of other studies in the literature, our results were satisfactory, and we encourage the use of such fixation method in clinical practice.

CONCLUSIONS
===========

The proposed assemblies show adequate resistance for fixing fractures of the intermediate column of the radius and supported loads of up to 10 kg. Increasing the thickness of the K-wire of the assembly produced an increased resistance of the maximum force.

Study conducted at the Hospital das Clínicas Medical School, USP, Ribeirão Preto, SP, Brazil.
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